Abstract. Age hardening is a major factor affecting the durability of asphalt paving materials. The material properties change with time as the asphalt cement becomes harder and the mixture becomes stiffer. There are two types of aging, short term aging (STA) at mixing and laying stage and long term aging (LTA) during service life of pavement. The influence of aging time on the indirect tensile strength, double punching shear, permanent deformation and fatigue life, have been investigated by employing the short term aging (STA) and long term aging (LTA). It was concluded that aging process exhibits good resistance to indirect tensile strength at the three temperatures (25 °C, 40 °C, 60 °C), while the shear increases, such rate of changes was (+4%, +22%, +22%, +87%) respectively for STA mixtures. On the other hand, the increment after LTA of mixtures is (+16%, +63%, +170%, +173%) respectively as compared with control mix. The permanent deformation decreases by 12% and 63% at STA and LTA respectively. An increment in asphalt content from (4.8 % to 5.3 %) causes 43% increase in permanent deformation (at 1000 cycle). A testing temperature change from 25 to 40 °C, leads to a permanent deformation increase by 113% at the same load repetition.
INTRODUCTION
The asphalt paving mixture is normally subjected to various detrimental types of distresses during its service life. Durable pavement is one, which is able to stand under such distresses for a long period without significant deterioration. In aging, the material properties change with time as the asphalt cement becomes harder and the mixture becomes stiffer due to oxidation and loss of volatiles, (Sarsam, 2007) . Meanwhile most of the available distress prediction models are not considering the effects of aging on performance of asphalt pavement, (Sarsam and AlSadik, 2014) . Petersen (1984) suggested the fundamental factors which causes hardening in asphalt materials; the loss of oily components of bitumen by volatility or absorption by mineral aggregate, the changes in chemical composition as chemical molecules of bitumen react with oxygen (oxidation) and molecular structuring causing thixotropic effects (steric hardening). Oxidation is the phenomenon when chemical molecules in bitumen are oxidized by oxygen in the atmosphere and form polar groups containing oxygen, for instance, hydroxyl, carbonyl and carboxylic groups, (Read and Whiteoak, 2003) .
Ageing is also due to the loss of volatiles in bitumen. Oily proportion of bitumen primarily volatizes due to high temperature. In addition, the loss of volatiles is also attributed to long-term exposure of asphalt to the environment. In addition, depending on the mineralogy of aggregate, oily component is also absorbed by porosity when bitumen is in contact with aggregate. However, the hardening due to this phenomenon is not considerable compared to ageing by oxidation, (Sarsam and Al-Sadik, 2014) . Nguyen (2009) studied many factors affecting the ageing mechanism such as, air void content, temperature, and production. Characteristics before and after ageing are determined by resilient modulus and indirect tensile tests. Othman et al. (1995) and Raad et al. (2001) The main objectives of this study are to evaluate the durability of superpave asphalt concrete mixture prepared from locally available materials; the influence of accelerated aging as per the procedure of superpave asphalt concrete on physical properties such as indirect tensile strength, double punch shear strength, resistance to repeated load. Such properties were defined using (before and after) aging technique.
MATERIALS CHARACTERISTICS

Asphalt cement
Asphalt cement of grade (40-50) (PG 64-16) was brought from Dura refinery. The asphalt properties are shown in Table 1 . 
Aggregate
The aggregate used in this work is crushed quartz from Al-Nibaie quarry. This aggregate is widely used in local asphalt paving; their physical properties are tabulated in Table 2 .
Filler
Mineral filler used in this study is Portland cement obtained from Badoush Factory; the physical properties are as in Table 3 . 
Selection of Design Aggregate Gradation
The aggregate blend selected has nominal maximum size of 12.5 mm; it is usually adopted for wearing course as per state commission of roads and bridges (SCRB, 2007) . Fig.1 shows the selected aggregate gradation. In order to meet the required gradation, the aggregates were separated to the desired size, and then recombined with the mineral filler. Aggregates and asphalt cement were heated to 160 and 150 °C respectively, the required amount of each in gradient was added and mixed. Specimens are compacted at varying asphalt binder contents in the Superpave Gyratory Compactor. The mixture properties are then evaluated to determine the optimum asphalt content. For the aggregate blend selected, the binder contents for the mix design were 4.3 % AC, 4.8 % AC, 5.3 % AC, and 5.8 % AC. the design asphalt binder content is 4.8% by weight of aggregate for Wearing course, the value that corresponds to 4.0 percent air voids at the design number of gyrations N des . = 100 gyrations. 
Preparation of Specimen for Permanent Deformation Test.
The dimensions of the cylindrical specimen used in this test are 101.6 mm in diameter and 203±3 mm in height. Aggregate and asphalt were mixed in mixing bowl on hot plate for three minutes until asphalt had sufficiently coated the surface of the aggregates. The asphalt-aggregate mixture was subjected to short-term oven ageing for 4hrs at 135° C according to AASHTO PP2 (1999) . This aging represents the aging that occurs in the field between mixing and placement and allows for absorption of the asphalt binder into the aggregate pores. The mix was stirred every 30 minutes during the short-term aging process to prevent the outside of the mixture from aging more than the inner side because of increased air exposure. The specimens were compacted by gyratory compactor. Tests were conducted at optimum asphalt content and at asphalt contents of 0.5 percent above, and 0.5 percent below optimum as recommended by AASHTO (1999) . Fig. 2 and 3 show the short-term aging process, while fig. 4 shows the prepared specimens. 
TESTING PROGRAM
Asphalt concrete specimens were subjected to physical properties determination (before and after long-term aging). The long-term aging process was conducted as per (AASHTO, 2002) procedure by conditioning the specimens for 120 ± 0.5 hours in oven at (85 ° C ± 3) before testing.
Indirect Tensile Strength Test and Temperature Susceptibility
The tensile strength and temperature susceptibility of the mixtures were evaluated. The test follows the procedure of (ASTM D6931-09). After the compacted specimen was cooled to room temperature for 24 hours, they were conditioned by placing in water bath at three different temperatures of (25, 40, and 60 ºC) for 30 minutes. The specimens were centered on the vertical diametrical plane between the two parallel loading strips (12.7 mm) in width to specimen of size 101.6mm diameter and 63.5 ±1.27mm height. Vertical compressive load at rate of (50.8 mm/min) by Versa tester machine was applied until the dial gage reading reached the maximum load resistance, this value was recorded, the Temperature Susceptibility was determined using the mathematical model presented in (ASTM D6931-2009). Fig.5 shows the indirect tensile strength test (ITS).
Double Punch Test
This test was reported by many studies (Solaimanian, 2004; Sarsam and AL-Janabi, 2014; Sarsam and ALZubaidi, 2014; and Sarsam, 2007) . Specimens used for this test were 101.6mm diameter and 63.5 ±1.27mm height. Specimens were conditioned by placing them in water bath at 60ºC for 30 min. The test was performed by centrally loading the cylindrical specimen, using two cylindrical steel punches placed on the top and bottom surface of the sample. The specimen was centered between the two punches (25.4 mm diameter), perfectly aligned one over the other, and then loaded at a rate of 25.4 mm/minute until failure. The reading of dial gage at the maximum load resistance was recorded. Fig.6 shows double punch test apparatus.
Indirect Tension Repeated Load Test (ITRL)
The indirect tension repeated load test specified by ASTM D4123, was conducted on specimens of 101.6 mm diameter and 63.5 ±1.27mm height by using the diametral repeated load system (DRLS), (Sarsam and AL-Zubaidi, 2014) . In these tests, repetitive diametric loading was applied to the specimen and the resilient vertical strain was measured under load repetitions. Diametral loading was applied at a constant loading frequency of 60 cycles per minute and loading sequence of 0.1 sec load duration and 0.9 sec rest period to simulate the testing condition explained by Shell procedure that is addressed in Yoder and Witczak (1975) . The testing temperatures of (25, 40) ºC was used in the test, and the applied stress level was 0.138 MPa. Fig.7 shows the diametral repeated load test system implemented in this test. Fig.8 shows the sequence of accumulation of Permanent Strain under Repeated Load. The indirect repeated load test procedures used in this study is accomplished by placing the specimen in the testing chamber for two hours to bring it to the test temperature and to allow for a uniform temperature distribution within the specimen. The LVDT (Linear Variable Differential Transformer) is set to zero reading after completion of the specimen "setup" in the testing chamber. The pressure actuator is adjusted to the specified stress level. The timer (both loading port and rest port) is also set to the required load and rest durations. The experiment is commenced by application of repeated indirect tensile stress and the resilient strain is measured. The test is completed after a number of load repetitions when the resilient strain reading reached to its suitable value or there is small difference between two readings that can be neglected. 
Permanent Deformation Test
The axial repeated load tests were conducted using the pneumatic repeated load system (PRLS). The tests were performed on cylindrical specimens, 101.6 mm diameter and 203.2 mm height. In these tests, repetitive compressive loading was applied to the specimen and the axial permanent deformation was measured under loading repetitions. Compressive loading was applied in the form of rectangular wave at a constant loading frequency of 60 cycles per minute and 0.1 sec. load duration and 0.9 sec. rest period. Two temperatures 40° C, and 60° C are used in the tests, and the applied stress level was 0.138 MPa. The repeated load test procedures used in this study is similar to that of Indirect Tension Repeated Load Test. Fig.9 shows the permanent deformation test. 
RESULTS AND DISCUSSIONS
Experimental Evaluation of Aging Resistance
In this study, two aging procedures have been conducted, (Short term aging and long-term aging). The short term aging procedure of this investigation involved aging the loose asphalt concrete mixtures following Superpave requirements AASHTO PP2 method (AASHTO, 2010) in order to simulate the pre compaction phase of the construction process. Longterm aging procedure was designed to simulate the aging that the compacted asphalt pavement undergoes during service life of pavement. In short-term aging procedure, the loose mixture was subjected to conditioning for 4 hours at 135° C. The aged mix was then compacted. The specimens were then subjected to long-term aging for (5 days) at 85° C in the oven. Both stages cause an increase in viscosity of the asphalt and a consequent stiffening of the mixture. This may lead the mixture to become hard, brittle, and susceptible to disintegration and cracking failures. Mixtures were subjected to various physical tests, three specimens for each mixture type were tested, and the average value was obtained. The specimens were tested for indirect tensile strength test, temperature susceptibility, double punch test, and permanent deformation.
Effect of Short and Long Term Aging on Percent Voids in Total Mix
The role of aging in changing of air voids is necessary to be investigated to determine compaction efficiency and adverse effects of aging on durability. Fig.10 shows the effect of short and long-term aging periods on voids in total mix (VTM) percent for various asphalt mixture types. The short and long-term aged mixes were observed to have higher air voids than control specimens. After long term aging, specimens had the higher air voids of 5.51% at the optimum asphalt percentage as compared to other asphalt percentage, which meet the findings by (Sarsam, 2007) , this may be attributed to the loss of volatile materials during the aging process, which leaves more voids in the compacted mix.
Effect of Short and Long Term Aging on Punching Shear
Double punch shear test for control mix is less than long and short term aging mixtures by 173 %, and 87 % respectively, (at the optimum asphalt content). This is related to stiffness of mix, which is lower in the control mix and higher in aged mix. Fig.11 presents double punch test results for control, and short and long term aging mixtures. Based on the data it appears that when increasing asphalt content from 4.3 % to 4.8 %, the punching stress increases 23 %, while the increment is 44% when the asphalt content is increased from 4.8 to 5.3 % (for control mix). This agrees with (Sarsam and Al-Sadik 2014) findings.
Effect of Short and Long Term Aging on Indirect Tensile Strength and Temperature Susceptibility
Specimens were tested for indirect tensile strength at 25ºC, 40ºC, and 60ºC. Temperature susceptibility results Presented in Fig.12 show that the long term aged mix is less influenced by temperature change and exposure time, the variations between long-term aging and control mix are within 6 %. Short-term aging is less influenced by temperature than control mixture by 4%, at optimum asphalt content. The change in asphalt content percentage can have an effect on the temperature susceptibility. When asphalt content increases from 4.3 % to 4.8 % the temperature susceptibility decreases by 7%, while it increases by 12 % when increasing asphalt content from 4.8 % to 5.3 % for control mix. Similar behavior was noticed for aged specimens. As demonstrated in Fig.13 . Results indicated that tensile strength at 25ºC after long term aging was higher than control mix by 16%, while after short term aging, indirect tensile strength (I.T.S) values are higher than control mix by 4%,( at optimum asphalt content). This could indicate that the mixture after exposer to aging, exhibits an increase in strength due to stiffening of binder by oxidation, which increases the resistance to tensile stress. Also increasing asphalt content percentage from 4.3 % to 4.8 %, causes an increase in the resistance to indirect tension by 2%, while when increasing the binder from 4.8 % to 5.3 %, the indirect tensile strength increases 5 % (for control mix). At 40ºC, results indicate that tensile strength after long term aging is higher than control mix by 63% while in the case of short term aging, it was higher than control mix by 22%, at optimum asphalt content. The indirect tensile strength is higher by 23% when increasing asphalt content percentage from 4.3 % to 4.8 %, but it is lower by 10 % when increasing asphalt content percentage from 4.8 % to 5.3 % (for control mix). Fig.13 shows that the optimum asphalt content percentage is more resistant to tensile strength at 40 ºC and control mix, but shows lower resistance to tensile forces after STA and LTA. Such results are in agreement with (Sarsam, 2007; and Sarsam and Alwan, 2014) work.
At 60ºC, results indicate that tensile strength for long-term aging is higher than that of control by 170 %. For short-term aging, it is higher than control by 22 % (at optimum asphalt content). In addition, it could be noted that when increasing asphalt content percentage from 4.3 % to 4.8 %, 5% reduction in indirect tensile strength could be observed. On the other hand, when increasing the binder from 4.8 % to 5.3 %, the indirect tensile strength increases by 62 % (at control mix). Such finding agrees well with (Sarsam, 2005) work. 
Effect of Short and Long Term Aging on Resilient Modules (Mr)
The resilient modulus (Mr) represents the ratio of an applied stress to the recoverable strain that takes place after the applied stress has been removed. The frequency of load application used was 1 Hz, with load duration of 0.1 sec and a resting period of 0.9 sec to simulate the field conditions, (Yoder, and Witczak, 1975) .
Resilient modulus is a measure of materials responses to load and deformation. Generally, higher modulus indicates greater resistance to deformation. Resilient modulus was determined at temperature 25°C and 40 °C, and a stress level 0.138 MPa; testing procedures are in accordance with the standard test method for indirect tensile test for resilient modulus of bituminous mixtures (ASTM D4123).
Resilient modulus after long-term aging is significantly higher than the values obtained for control mix; the same trend could be observed in short term aging case. Table 4 shows that Resilient Modulus values for mixture agrees with (Sarsam and Alwan, 2014) work. When the temperature increase from 25 to 40•C, the resilient modulus decrease by 6% (for optimum asphalt content and control mixture). In addition, it can be noted that the resilient modulus decreases as asphalt content increase. For example, when asphalt content increases from 4.3 to 4.8 percent, the Mr decreases by 4 %, then decreases 10% at increased asphalt content from 4.8 to 5.3 percent asphalt.
Effect of Short and Long Term Aging on Resistance to Permanent Deformation
The axial repeated load test shows that the permanent vertical plastic strain is measured as a function of the number of load applications (at temperatures 25 °C and 40 °C and a stress level of 0.138 MPa). Power model is often fitted to the accumulated permanent deformation curve. It is probably the most commonly used permanent deformation equation. Where,( a and b) are the intercept and slope of the curve in log-log scale, respectively. The intercept (a) represents the permanent strain at N=1, where N is the number of the load cycles. The higher the value of intercept, the larger the strain and hence the larger the potential for permanent deformation as mentioned in the Superpave study carried out by, (Mirza and Witczak 1995) . While slope (b) represents the rate of change in the permanent strain as a function of the change in loading cycles (N) in the log-log scale, high slope values for a mix indicate an increase in the material deformation rate hence less resistance against rutting. A mix with a low slope value is preferable as it permits the occurrence of the rutting distress at a slower rate. Three parameters were selected to verify the rutting resistance phenomena, slope, intercept, and the permanent deformation, which was measured at 1000 cycles. The results of these rutting parameters for all the specimens are exhibited in Table 4 . Recognizing the fact that the lower permanent deformation is related to the lower sensitivity for rutting and corrugation, the long-term aging has positive effect on pavement resistance to permanent deformation as compared with the control mixture. The permanent deformation at 1000 cycles and optimum asphalt content decreased by 57 %, intercepts decreased by 32 % and slope decreased by 17 %, while it failed before the control mix. The short-term aged mixture generally shows lower resistance to permanent deformation as compared to the control mixtures. As demonstrated in fig.14 , the permanent deformation at 1000 cycles decreased by 39 %, intercepts decreased by 17 % and slope decreased by 11 %,( at optimum asphalt content and temperature 25 C). This means that the aged mixture has better resistance to rutting than control mix because of its stiffness but this resistance decreases rapidly as loading repetitions continues. Based on the data shown in Table 4 , it appears that the asphalt content has an influence on the plastic response of the material. The higher plastic strain is associated with the increase in asphalt content from 4.3 to 4.8 percent.
The permanent deformation at 1000 cycle increased by 91%, intercept increased about 23% and slope also increased about 16%, but this increase tends to level off when the asphalt content is increased from 4.8 to 5.3 percent. The permanent deformation at 1000 cycle increased by 43%, intercept increased about 13% and slop also increased about 7%, which meets the findings by (Sarsam and Alwan, 2014; Sarsam and Al-Sadik, 2014; Sarsam and AL-Zubaidi, 2014 ). This indicates that the resilient response of the material is reasonably more sensitive to asphalt content than the plastic response. Also from fig.14, it can be seen that the permanent deformation, intercept, and slope are substantially influenced by temperature. When the testing temperature increases from 25 to 40 C, the permanent deformation at 1000 cycle, intercept and slop increased by a factor of 113%, 32%, and 17%, respectively. This has the implication that the higher the temperature the more the rate of plastic deformation.
CONCLUSION
1. Significant improvement in indirect tensile strength, punching shear, permanent deformation and fatigue life was noticed for aged superpave mixtures properties as compared with control mixture, the percent of improvement was (4%, 22%, 22%, and 87%) for STA mixtures, while for (LTA) mixtures, it was (16%, 63%, 170, and 173%) at optimum asphalt content.
2. The increase in asphalt content from 0.5% below the optimum to optimum leads to increment in the resistance to indirect tensile strength, and double punching shear for aged mixes by 5% and 38% respectively after STA. It was 6 % and 12 % respectively for LTA condition, it gives an indication that the higher percentage of asphalt content shows better resistance to aging impact. 3-Short and long-term aging shows positive impact on Resilient modulus at 25 and 40 ° C for asphalt concrete mix as compared with control mix, the increments were (5%, 25%) and (2 %, 11 %) for both testing temperatures and aging periods respectively. 4-The permanent deformation decreases by 12 percent after STA, while it decreases by 63 percent after LTA. An asphalt content change from 4.8 to 5.3 percent causes a 43 percent increment in permanent deformation. A temperature change from 25 to 40 °C leads to an increase in permanent deformation by 113 percent.
